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Main issues
1. Introduction: Itajubá, UNIFEI and our work in pyrolysis.
2- Biorefineries in Palm Oil and Sugar Cane industries.
2. LCA of a Palm Oil biorefinery including biomass wastes pyrolysis: 
Materials and methods.
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Fuel and gases characterization 




RDF briquettes production and gasification
Pilot Plant for RDFGasification

HELIOTHERMAL LAB
WHAT DO WE DO IN BIOMASS 
PYROLYSIS
- Energy recovery in carbonization kilns.
- Evaluation of fast pyrolysis technology for 
biorefineries.
- Biovalue project (H2020). Bio-oil/char gasification.
- BRICs Project proposal. Biochar in agriculture.
- The second updated and reviewed edition of our book 
“Biocombustiveis” (BIOFUELS).
- A new discipline in graduate courses “Thermochemical
conversion of biomass and wastes”.
- SLOW PYROLYSIS:
- Brazil - 8,5 millions tonnes of
charcoal per year
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INTEGRATED PALM OIL 
AND SUGAR MILLS 
BIOREFINERIES
3 LCA of a Palm oil
biorefinery
CRUDE PALM OIL
Crude Palm Oil (CPO) is obtained
from palm fruit mesocarp (Elaeis
guineensis).
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Residual biomass - oil palm mill
García-Núñez et al, 2010 The total biomass obtained from the production process 
is 41.5% of each tonne of FFB
The energy potential of palm oil 
biomass (EFB, PKS, and fiber) is 
around 100 GJ∙ha-1∙year-1, which 
corresponds to 37% of the energy 
contained in the FFB, which is 
approximately 270 GJ∙ha-1∙year-1.
Present use of biomass in palm oil 
mills
Cenipalma
2018 estimates of biomass residues
availability in palm oil mills worldwide
FFB: 350 millon tonnes
CPO: 70 million tonnes
The total biomass obtained from the production process is 41.5% of each tonne of FFB
Biomass availability: 157 million tonnes
MAIN GOAL
In this work it was done an energy and environmental
analysis of a scheme of polygeneration of the palm oil in a
Brazilian POM, to determine and evaluate the benefits of
the use of waste in which stands out the simultaneous
obtaining of biodiesel, bio-oil and electricity; quantifying
through the LCA the potential environmental impacts
resulting from this diversification in the production of CPO.
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- In this study, the method selected for the environmental impacts
allocation among products and by-products was the energy-based
allocation (ATRIBUTIONAL LCA). In the extraction stage, the
allocation is distributed as follows: CPO (54.27%), CPKO (4.07%),
Fiber (17.19%) PKS (10.34%), EFB (12.37%) and PKC (1.76%). In
the case of the refining stage, it is 98.5% for refined palm oil and
1.5% for palm fatty acid distillation, in the transesterification
stage it was 90% for biodiesel and 10% for glycerin, and for the
fast pyrolysis stage, the distribution is 51% for bio-oil and 49% for
biochar.
- NEXT STEP IS TO USE A CONSEQUENTIAL (FRONTIERS
EXPANSION LCA).
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Mass and energy balances of the biorefinery.
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2. Materials and methods
A scenario of a POM with a production capacity of 1.39 kg/s of FFB was designed,
containing a pyrolysis process and a refining/transesterification stage of the CPO for
obtaining biodiesel and glycerin.
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Figure 2. Cogeneration extraction/condensation system .
2. Materials and methods
The values adopted for the availability of CPO, EFB, PKS, POME, PKS, fiber, Palm
Kernel Cake (PKC) and Crude Palm Kernel Oil (CPKO) are summarized in Table 1.
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EFB availability (ton/ton FFB) 0.22
PKS availability [ton/ton FFB] 0.07
Fiber availability [ton/ton FFB] 0.13
PKC availability [ton/ton FFB] 0.035
POME availability [ton/ton FFB] 0.328
CPKO availability [ton/ton FFB] 0.017
CPO availability [ton/ton FFB] 0.02
Table 1. Availability of products obtained in the POM
2. Materials and methods
The values adopted for the pyrolysis and anaerobic digestion stage of the
scenario are summarized in Table 2, while for cogeneration system,
refining/transesterification, and drying stage in Table 3.
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Pyrolysis
Electrical energy consumption [kWh/kg bio-oil] 0.05
Bio-oil ratio [kg/kg bio-oil] 1
Non-condensable Gases ratio [kg/kg bio-oil] 1.06
Biochar ratio [kg/kg bio-oil] 0.58
Anaerobic digestion
Electrical energy consumption [kWh/ton de POME] 0.007
Efficiency ICE [%] 25 
Biogas ratio [ton/ton de POME] 0.03
Sludge ratio [ton/ton de POME] 0.03
Table 2. Indicators for the pyrolysis and anaerobic digestion stage
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Cogeneration extraction/condensation system
Isentropic efficiency of pumps [%] 85
Boiler efficiency [%] 80
Isentropic efficiency of the turbine [%] 70
Efficiency of the cogeneration cycle [%] 18.02
Pressure in the refining plant [bar] 2.5
Pressure in the extraction plant [bar] 4
Refining plant/transesterification
Electrical energy consumption [kWh/ton CPO] 22
Steam consumption [kg/ton CPO] 564
Biodiesel ratio [kg/ton CPO] 975.5
Glycerin ratio [kg/ton CPO] 113.6
Effluents ratio [kg/ton CPO] 348
Drying
Biomass inlet temperature [°C] 25
Biomass outlet temperature [°C] 110
Inlet temperature of exhaust gases [°C] 215
Outlet temperature of the exhaust gases [°C] 110
Moisture of biomass [%] 50
Electrical energy consumption [kWh/tonextracted water] 19
Moisture of dry biomass [%] 15
Enthalpy of vaporization of water [kJ/kg] 2691.1
Table 3. Indicators for the cogeneration system, refining/transesterification, and drying stage
4 Results and discussion
4. Results and discussion
The mass and energy balances of the scenario are presented in Figure 3. The fiber is
burned in the boiler of the cogeneration cycle to satisfy the consumption of electrical
energy (0.095 MWh) and steam (0.69 kg steam/s) of the same POM. In the
refining/transesterification stage are produced 0.27 kg/s of biodiesel and 0.03 kg/s of
glycerin and the consumption of electrical energy for this stage are 0.022 MW. The bio-
oil and biochar produced are 0.08 kg/s and 0.09 kg/s, respectively.
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4. Results and discussion
Figure 5 shows that the production of bio-oil and biochar through fast pyrolysis does
not have considerably environmental impacts (52 mPt), when compared to biodiesel
(120 mPt) and electricity (127 mPt).
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The highest electric energy consumption comes from
the transesterification stage, which impact represents
23.47 mPt.
Methanol contributes with 5.26 mPt in the biodiesel
production process, where the agricultural stage is the
largest contributor of greenhouse gases with 20.39 mPt
The fast pyrolysis is a good alternative for the treatment
of palm oil waste, because does not present major
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